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Different manifestations of Class II Division 2 incisor retroclination and their association with 
dental anomalies 
ABSTRACT 
Objective: To investigate whether there is an association between dental development 
anomalies (DDAs) and the different manifestations of Class II Division 2 (CII/2) malocclusion 
incisor retroclination. This information may clarify whether the different CII/2 phenotypes, 
with regard to maxillary incisor retroclination, are a single clinical entity or etiologically 
different entities. 
Design: Retrospective comparative study. 
Setting: Private orthodontic practice in the regions of Lisbon and Porto, Portugal 
Subjects and Methods: The sample comprised 115 CII/2 malocclusions distributed into 2 
groups on the basis of incisor retroclination: Group I composed of 48 CII/2 with retroclination 
exclusively of both maxillary central incisors; Group II composed of 67 CII/2 with retroclination 
of all four maxillary incisors. Using the initial orthodontic records, it was determined for each 
patient the presence of the following DDAs: tooth impaction, tooth agenesis, maxillary lateral 
incisor microdontia, tooth transpositions and supernumerary teeth.  
Results: 55.0% of patients were diagnosed with at least one of the DDAs studied. In the total 
sample the prevalence rates were determined as follows: 20.0% of palatal maxillary canine 
impaction, 27.4% of third molar agenesis, and 15.7% of maxillary lateral incisor microdontia. 
No patient exhibited any transpositions or supernumerary teeth. The distribution of the DDAs 
studied by groups revealed a strong association of palatal canine impaction, tooth agenesis 
and maxillary lateral incisor microdontia with Groups II but not with Group I.  
Conclusion: The association of DDAs with CII/2 malocclusion is not common to all types of 
maxillary incisor retroclination, suggesting different etiologic bases among the different 




Although a number of publications, including twin and triplet studies1, 2 and family 
pedigrees3-6, are indicative of a strong hereditary etiologic component in Class II Division 2 
(CII/2) malocclusion, there is little knowledge about what is inherited, and, amongst the 
various morphological features found in this malocclusion, which ones have been strongly 
influenced by environment. 
As progress is being made on the knowledge of genetic mechanisms controlling 
dentofacial development, some dental development anomalies (DDAs) have been related with 
mutations in certain genes that may be causing instability in dental development. The 
association of DDAs with different malocclusions can be important for a better understanding 
of the genesis of malocclusion, particularly those in which genetics plays a strong role. 
Whereas, Basdra et al.7 didn´t find an association between malocclusions of Class III and Class 
II Division 1 with DDAs, in another study directed by the same author, a close association of 
CII/2 malocclusion with agenesis, peg-shaped lateral incisors, canine impactions and 
transpositions was found8. 
The CII/2 malocclusion phenotype exhibits a combination of various features among 
which the retroclination of the maxillary incisors is clearly the most peculiar and the main 
distinctive sign of this singular malocclusion. This feature, however, doesn’t always manifest 
itself in the same way there existing different forms of maxillary incisor retroclination 
described in the literature9-11 (Figure 1 and 2). When considering the diversity of features 
associated to CII/2, particularly the different manifestations of incisor retroclination, we can 
speculate whether we are facing different clinical entities, or whether we are before different 
levels or even different manifestations of the same clinical entity. Assuming, as generally 
assumed by the scientific community, that the different types of incisor retroclination found in 
CII/2 malocclusion are the same clinical entity but without any studies having been carried out 
to confirm the possibility of a different aetiology in the various manifestations of this 
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malocclusion, it seems  necessary to develop further studies that may bring some 
understanding as to whether the different expressions of CII/2 phenotype can be included in 
the same clinical entity. 
The aim of the present research was to investigate if there is an association between 
DDAs and the different manifestations of maxillary incisor retroclination of CII/2 malocclusion. 
This information may clarify whether the different CII/2 phenotypes, with regard to incisor 
retroclination, are a single clinical entity or whether we are in the presence of etiologically 
different entities. 
SUBJECTS AND METHODS 
 This retrospective study was approved by the Ethics Commission of the Faculty of 
Dental Medicine of the University of Porto, Portugal. The sample was collected from the 
private practice of the first two authors of this paper. From the consecutive analysis of the 
initial orthodontic records of 4364 patients seeking orthodontic treatment between 2002 and 
2010, 215 CII/2 malocclusions were clinically diagnosed. These 215 patients, all non-syndromic 
Caucasians, were distributed into 2 groups on the basis of the type of the maxillary incisor 
retroclination, after having been applied the following inclusion criteria: (1) Class II molar 
relationship (distocclusion) on at least one side in centric occlusion; (2) no history of 
orthodontic treatment, maxillofacial or plastic surgery and trauma in the maxillary anterior 
teeth; (3) absence of prosthetic crowns or extensive restorations in the six maxillary anterior 
teeth; (4) the angle between the maxillary incisor long axis and the palatal plane less than or 
equal to 100º; (5) overbite equal to or greater than 50% and (6) previous eruption of the 
maxillary and mandibular second permanent molars. Subjects with agenesis of maxillary lateral 
incisors were excluded as they could not be included in the two groups to be studied. The total 
sample was thus made up of 115 subjects (69 females, 46 males) with a mean age of 22.5 
years (SD, 9.0; range, 12-50 years) distributed into the two groups as follows: 
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 Group I composed of 48 CII/2 malocclusions (29 females, 19 males) with retroclination 
exclusively of both maxillary central incisors, with a mean age of 22.1 years (SD, 9.0; range, 12-
50 years); 
 Group II composed of 67 CII/2 (40 females, 27 males) with retroclination of all four 
maxillary incisors, with a mean age of 22.7 years (SD, 9.0; range, 12-43 years). 
 The initial orthodontic records (dental history, panoramic radiograph, cephalogram, 
study models, intraoral photographs and periapical radiographs when available) were used to 
evaluate the following DDAs: 
Palatal maxillary canine impaction – As a consequence of the inclusion criteria 
adopted, most patients in this study were already past the eruption age of the maxillary 
canine. For the early diagnosis of impacted canines in subjects at the age of maxillary canine 
eruption we used the radiographic parameters proposed by Lindauer et al.12. Thus, we 
considered an impacted canine when the cusp tip was located in sectors II, III or IV (Figure 3). 
In order to determine the bucco-palatal position of the impacted canine, we used periapical 
radiographs taken in two different incidence angles.  
Impactions of other teeth – Using the initial radiographic data, besides palatal 
maxillary canine impaction all tooth impactions  were recorded, except the impaction of third 
molars;   
Third molar agenesis – To achieve a proper diagnosis, two critical questions were 
raised. First, it was necessary to determine the earliest age at which agenesis of third molars 
can be radiographically diagnosed. Although Garn and Lewis13 suggest that it is not possible to 
confirm third molar agenesis before the age of 14, in our study the chronological age was not 
used as an inclusion criterion, the option being to include subjects whose second molars were 
already erupted by the date of the first records. For all subjects under 14 included in the 
sample it was possible to confirm, by means of archived panoramic radiographs taken after the 
age of 14, that the diagnosis obtained from the initial radiographs was correct. Another critical 
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aspect that had to be taken into account was the risk of false diagnoses due to omissions or 
errors in the dental history of patients. Whenever the diagnostic procedures available were 
insufficient to remove any uncertainty about the cause of third molar absence, patients were 
contacted so that a rigorous questionnaire might be made for clarification; 
Agenesis of other teeth – Using the dental history and the panoramic radiograph 
included in the initial orthodontic records, all dental agenesis were identified excluding third 
molar; 
Maxillary lateral incisor microdontia– Alterations in the shape and size of maxillary 
lateral incisors were identified from study models. This category includes peg-shaped laterals 
that exhibit a conical shape with mesiodistal width greatest at the cervical  margin 14, 15 and 
small incisors when the maximum mesiodistal width was equal to or smaller than that of its 
mandibular counterpart  14, 16, 17. 
Tooth transpositions – Despite the varied definitions found in the literature, in this 
study a tooth transposition was considered the positional interchange of two adjacent teeth, 
particularly of their roots, or the development or eruption of a tooth in the place normally 
occupied by a non-adjacent tooth18. 
Supernumerary teeth – Supernumerary teeth were identified and registered from the 
plaster models and the initial panoramic radiograph of the subjects studied. 
Statistical analysis 
The statistical analysis was performed using IBM® SPSS version 20.0 (Statistical 
Package for Social Sciences) and R version 2.15.1. Given the nature of the variables involved, it 
was decided to use statistical tools based on the analysis most appropriate to the scales of 
measurement used. Thus, the analysis consisted of the prevalence study in which estimates 
were determined for all parameters evaluated, as well as interval estimates with 95% 
confidence, and analytical study of the data for qualitative variables, where the association 
between two variables was established using the chi-square test of independence (for 2x2 
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tables was used the exact test of Fisher). The decision rule consists of detecting statistically 
significant evidence for probability values (value of the proof test) less than 0.05. 
RESULTS 
Among the 115 patients participating in this research, it was not possible to confirm in 
six of them the existence of at least one of the DDAs studied, due to uncertainty regarding the 
cause of third molar absence. Of the remaining 109 patients, 60 (55.0%) were diagnosed with 
at least one dental development anomaly. A total of 28 impacted maxillary canines occurred in 
23 (20.0%) out of the 115 subjects examined. Besides palatal maxillary canine impaction and 
third molar impaction, impaction of other four teeth was detected in three subjects (2.6%). It 
was not possible to confirm the cause for the absence of third molars in nine patients. Thus, 29 
(27.4%) out  of the 106 subjects whose records provided conclusive evidence displayed 
agenesis of at least one third molar, amounting to 69 teeth. Besides the third molar, the 
agenesis of other dental pieces occurred in 10 subjects, which corresponds to 8.7% of the CII/2 
sample studied. The existence of at least one microdontic maxillary lateral incisor was 
recorded in 18 (15.7%) of the subjects studied making up a total of 28 maxillary lateral incisors 
with morphologic alterations. Out of the 115 subjects studied no one exhibited tooth 
transpositions or supernumerary teeth. A synthesis of the findings is provided in Table 1. 
Table 2 provides the prevalence of the DDAs studied per group. From the distribution 
of the assessed DDAs into groups, it is worth mentioning the absence of maxillary canine 
impaction in Group I whilst a prevalence of 34.3% of this tooth anomaly was determined in 
Group II. High prevalence rate of third molar agenesis of 35.9% was found in Groups II, 
contrasting with 14.3% found in Group I. Likewise, the prevalence of lateral microdontia in 
Group I was only 4.2% whilst a prevalence rate of 23.9% was observed in Group II. 
Chi-square tests were performed in order to evaluate whether there is an association 
of DDAs with the groups studied. Results confirmed a statistically significant association 
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between all variables studied and the group, except for the impaction of other teeth, and for 
the agenesis of other teeth. The statistically significant association implies that there is a 
strong association of canine impaction, total impaction, third molar agenesis, total agenesis 
and maxillary lateral incisor microdontia with Group II, and a poor association with Group I 
(Table 2). 
The prevalence rates of at least one tooth anomaly studied were 23.3% and 75.8% for 
Groups I, and II respectively. In this case, there was also a statistically significant association 
between the presence of DDAs and the group, in the sense that there is a strong association 
between them and Group II (Table 2). 
DISCUSSION 
One hundred and fifteen patients with CII/2 malocclusion were examined with the 
purpose of determining the co-existence of DDAs, being the association with DDAs determined 
for the two groups based on the type of incisor retroclination in CII/2. 
In the overall sample studied, 60 subjects (55.0%) exhibited at least one of the DDAs 
under research. These findings are practically identical to those found by Basdra et al. 8, who, 
in a population of 267 CII/2, also diagnosed at least one dental anomaly in 56.6% of the 
subjects. The DDAs evaluated by these authors are similar to those of our study, except that 
they evaluate the maxillary palatal and buccal canine impaction and the maxillary lateral 
incisors agenesis, and do not evaluate either the presence of other tooth impactions besides 
the canine, or the agenesis of other teeth besides the maxillary lateral incisor and the third 
molar. However, Basdra et al.7, when studying the same DDAs, determined a prevalence of 
25% and 15.4% of at least one dental anomaly for Class III and for Class II Division 1 
malocclusion respectively. Furthermore, these authors found no statistically significant 
differences between Class III and Class II Division 1 samples regarding the presence of DDAs, 
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but there were statistically significant differences in comparison with the findings obtained in 
the CII/2 malocclusion study. 
The prevalence per group of at least one of the DDAs assessed denotes particularly 
interesting findings. While for Group I the prevalence was 23.3%, for Group II a significantly 
higher prevalence of 75.8% was determined. The findings reveal that individuals carrying CII/2 
malocclusion with retroclination of both maxillary central incisors present prevalence rates of 
at least one dental anomaly, very similar to those found by Basdra et al. 7 for Class III and for 
Class II Division 1 malocclusion. Statistically significant differences regarding the presence of 
DDAs determined between Groups I and II show that the strong association of DDAs with CII/2 
malocclusion can only be attributed to the CII/2 type with retroinclination of four or more 
maxillary anterior teeth and not to the type with retroclination of both central incisors only. 
The literature data reveal a prevalence of canine impaction in the general population 
ranging between 0.8% and 2.8%19-24. Much of canine impaction is palatal accounting for about 
85 % of the overall canine impaction25-27. In the CII/2 sample, Basdra et al.8 determined a 
prevalence of buccal and palatal canine impaction of 33.5%, which proved to be significantly 
higher when compared either with study samples taken from the general population or with 
the research developed by the same author from Class III and Class II Division 1 malocclusion 
samples,  where canine impaction prevalence rates of 9% and 3.3% respectively were 
determined7.  
Distribution of impaction by groups revealed some interesting findings. The absence of 
maxillary palatal canine impaction found in Group I contrasts with the prevalence of 34.3% 
recorded in the group in which the four maxillary incisors appeared retroclined. 
Were it not for the lack of consensus in this area, the canine impaction aetiology could 
probably explain these findings. There is sustainable evidence that the buccal and palatal 
eruption deviations of the maxillary canine have a different origin. Whilst buccal impaction has 
been attributed to a lack of space of the maxillary arch28, 29, Jacoby28 found that in 85% of the 
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palatally impacted canines the arch space was adequate. The debate over the origin of palatal 
canine impaction has focused on two theories. Given the high incidence of palatal canine 
impaction in subjects exhibiting maxillary lateral incisors agenesis and microdontia observed 
by Becker et al.14, 30, they suggested that local factors like these may be the main etiologic 
agents responsible for the eruption deviation of that tooth. According to the so-called 
Guidance Theory, the maxillary lateral incisor root acts as a guide in the eruption of maxillary 
canines. Therefore, if the lateral incisor is missing or displays altered root morphology, the 
canine can develop an ectopic eruptive path31. The Genetic Theory postulated by Peck et al. 32 
considers genetic factors to be the primary etiologic agents of palatal deviation and 
consequently of canine impaction. According to this theory, the maxillary lateral incisor 
agenesis and palatal canine impaction share the same etiologic basis, whereas the defenders 
of the Guidance Theory consider DDAs of genetic origin like the maxillary lateral incisor 
agenesis or microdontia to create environmental conditions that favor eventual maxillary 
canine impaction. A first interpretation of the high prevalence of canine impaction in the CII/2 
malocclusion group, with both maxillary lateral incisors retroclined, might provide a major 
support for the Guidance Theory. Retroclined lateral incisor crowns imply proclined roots and 
more mesially positioned apexes, which means that the guidance effect, considered important 
by the defenders of this theory for the correct maxillary canine eruption, is lost. On the other 
hand, and supporting the Genetic Theory, the retroclination of the four maxillary incisors 
found in this type of CII/2 malocclusion might be understood as having the same genetic basis 
as palatal canine impaction. The high prevalence of DDAs in this type of CII/2, in contrast with 
the group in which incisor retroclination was limited to the centrals, supports this etiologic 
view. The high prevalence rate of DDAs in Group II might be interpreted as resulting from the 
high prevalence of canine impaction found in this group. However, even if palatal canine 
impaction is not considered, more than half of the subjects in this group (58.5%) exhibited at 
least one of the DDAs examined. 
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Apart from impaction of maxillary palatal canine and third molars, other four impacted 
teeth were found in three subjects, one patient in Group I and two patients in Group II. The 
reduced number of cases found does not allow conclusive findings regarding the association of 
impaction of other teeth and the two CII/2 groups analyzed. 
Numerous prevalence studies about tooth agenesis can be found in the literature. 
Prevalence in the general population of at least one permanent tooth in Caucasian subjects, 
excluding third molars, ranges between 3.5% and 10.1%23, 33-41. A prevalence of 8.7% of at least 
one permanent tooth agenesis excluding third molars was found in our CII/2 population. When 
third molars are considered, a 32.1% hipodontia prevalence rate was determined. Prevalence 
study estimates for agenesis of at least one third molar vary between 7% and 26%42-47. In our 
sample, a slightly higher prevalence was determined, more specifically 27.4%.  
The prevalence rate of 35.9% for third molar agenesis and 40.6% for total agenesis 
determined in Group II contrast with the third molar agenesis rate of 14.3% and with the total 
agenesis rate of 19% found in Group I. The findings reveal a clear statistically significant 
association between tooth agenesis and the CII/2 malocclusion group with retroclination of all 
the maxillary incisors. This association does not occur with CII/2 with retroclination exclusively 
of the maxillary central incisors, whose values are within the average prevalence rates for 
tooth agenesis found in the general population. 
Maxillary lateral incisor microdontia prevalence of 4.2% in Group I and 23.9% in Group 
II also shows poor association of this congenital anomaly with the group of CII/2 with 
retroclination exclusively of the maxillary central incisors in contrast with the strong 
association found in the group with retroclination of all the maxillary incisors. Reference values 
recorded in the literature regarding lateral incisor microdontia prevalence, in studies on the 
general population and even on orthodontic populations, vary between less than 1% and 5.8 
%15, 20, 48-50. Comparable values were found for Class III and Class II Division 1 malocclusion, 3% 
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and 0.9% respectively7. These values coincide with the ones found in Group I but are 
significantly lower than those determined for Group II. 
The association of tooth transpositions with CII/2 malocclusion reported by Basdra et 
al. 8 could not be confirmed in this study. Nevertheless, the rarity of this anomaly and the size 
of the sample examined require a sensible interpretation of the results.   
In line with Basdra et al.8 observations, no supernumerary tooth was diagnosed in our 
CII/2 sample. The findings are in accordance with other studies suggesting that supernumerary 
teeth are a hyperplastic anomaly apparently resulting from etiologic mechanisms different 
from the other dental anomalies examined and also from CII/2 malocclusion itself17, 50, 51. 
The global epidemiologic results obtained from this study, despite not being able to 
give an explanation for the various types of incisor retroclination, suggest that a better 
understanding is needed about the etiologic basis behind phenotypes that have been 
considered to be clinical entities with a common origin. The reciprocal association found 
among the various DDAs, as in the case of tooth agenesis and microdontia, with strong 
evidence of having a genetically based etiology, and their close association with CII/2 
malocclusion with retroclination of the four maxillary incisors, suggests that the same genetic 
anomaly would likely be in the genesis of some DDAs as well as of the retroclination of all 
maxillary incisors. Therefore, a divergent genetic basis could account for the occlusal model 
characterized by retroclination exclusively of both maxillary centrals. 
The clinical implications of these findings are unequivocally relevant. The close 
association of DDAs like tooth agenesis, palatal canine impaction and lateral incisor 
microdontia with CII/2 malocclusion phenotypes in which incisor retroclination involves all 
maxillary incisors, alerts clinicians to the need in these patients for an early diagnosis of these 
DDAs during the initial phases of mixed dentition. In the particular case of palatal canine 
impaction, early diagnosis is of paramount clinical importance, since the perception of the 
maxillary canine eruption deviation requires preventive therapeutic measures to be adopted 
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such as early extraction of deciduous canines52 and others, which may allow to recover the 
normal eruptive path of the permanent canine.   
CONCLUSIONS 
From the overall results obtained in this epidemiologic study it is possible to withdraw 
the following conclusions: 
 The association of DDAs with CII/2 malocclusion is not common to all types of 
maxillary incisor retroclination. 
 Maxillary palatal canine impaction, tooth agenesis and maxillary lateral incisor 
microdontia are DDAs closely associated with CII/2 phenotypes with retroclination 
of four maxillary incisors, but not with the manifestation with retroclination 
exclusively of the maxillary central incisors. 
  CII/2 malocclusion phenotypes with retroclination exclusively of the maxillary 
central incisors seem to be an etiologically different entity from those in which 
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Figure 2. Class II Division 2 malocclusion with retroclination of all four maxillary incisors. 
 
 









Table 1. Prevalence of dental anomalies in the CII/2 total sample with respective confidence 
intervals of 95%. 
 N Prevalence % 95% Confidence Interval 
Palatal maxillary canine 
impaction 
Absence 92 80.0% [50.4%; 68.9%] 
13 8 7.0% [3.3%; 13.7%] 
23 10 8.7% [4.5%; 15.8%] 
Bilateral 5 4.3% [1.6%; 10.3%] 
Total 115 100.0%  
Impaction of other teeth  
(Excl. 3rd molars) 
Absence 112 97.4% [92.3%; 99.3%] 
Presence 3 2.6% [0.5%; 7.4%] 
Total 115 100.0%  
Third molar agenesis Absence 77 72.6% [63.0%; 80.6%] 
Presence 29 27.4% [19.4%; 37.0%] 
Total 106 100.0%  
Agenesis of other teeth     
(Excl. 3rd molars) 
Absence 105 91.3% [84.2%; 95.5%] 
Presence 10 8.7% [4.5%; 15.8%] 
Total 115 100.0%  
Total of agenesis  Absence 72 67.9% [58.1%; 76.5%] 
Presence 34 32.1% [23.5%; 41.9%] 
Total 106 100.0%  
Maxillary lateral incisor 
microdontia  
Absence 97 84.3% [76.1%; 90.2%] 
12 3 2.6% [0.5%; 7.4%] 
22 5 4.3% [1.4%; 9.9%] 
Bilateral 10 8.7% [4.2%; 15.4%] 
Total 115 100.0%  
Presence of dental 
development anomalies 
Absence 49 45.0% [35.5%; 54.8%] 
Presence 60 55.0% [45.2%; 64.5%] 




Table 2. Prevalence of dental anomalies per group.  
 Group I Group II  
 N (48) % N (67) % P value* 
Palatal maxillary canine impaction 0 0% 23 34.3% <0,001 
Impaction of other teeth  
(Excl. 3rd molars)  1 2.1% 2 3.0% 0.624 
Total of impaction 1 2.1% 23 35.4% <0.001 
Third molar agenesis 6 (42) 14.3% 23 (64) 35.9% 0.012 
Agenesis of other teeth             
(Excl.3rd molars) 2 4.2% 8 11.9% 0.130 
Total of agenesis 8 (42) 19.0% 26 (64) 40.6% 0.016 
Upper lateral incisor microdontia  2 4.2% 16 23.9% 0.003 
Presence of dental development 
anomalies 10 (43) 23.3% 50 (66) 75.8% <0.001 
* Results from independence (Fisher exact test). Test the null hypothesis: There are no associations between the 
variables considered. Significant association is detected if p value is less than 0.05. 
Values in brackets correspond to valid cases.  
 
 
